Introduction
Previous studies have suggested that progressive neointimal proliferation leads to late restenosis after drug-eluting stent (DES) implantation [1, 8] . On the other hand, neointimal regression may also occur in some stented lesions [2] . Late neointimal response may be different between different tissue components [3] . Therefore, prediction of neointimal response based on the in-stent neointimal characteristics may be important for risk stratification of the intermediate in-stent restenosis lesions.
Pathological studies have demonstrated that neointima within a stent are composed of various tissue components including collagen, proteoglycan, smooth muscle, fibrin, or thrombus [12, 14, 15] . Conventional intracoronary imaging modalities, such as angioscopy and intravascular ultrasound, have a limited ability to assess the neointimal characteristics because of their lower resolution and penetration. On the other hand, optical coherence tomography (OCT) has better resolution with acceptable penetration to assess in-stent neointimal tissue [3] [4] [5] . Although previous studies using OCT have reported that neointimal tissue have several different optical properties, the relationship between different OCTbased neointimal characteristics and late neointimal response have not been elucidated. Therefore, the aim of this study was to assess the relationship between OCT characteristics of neointima and late neointimal response (progression or regression) following DES implantation.
Background: Progressive neointimal proliferation may lead to late restenosis and/or neoatherosclerosis after drug-eluting stent (DES) implantation. Late neointimal response may be different among different tissue characteristics. The aim of this study was to assess impact of in-stent neointimal characteristics on late neointimal response following DES implantation. Methods: Serial (median 270 days and median 551 days after stent implantation) optical coherence tomography (OCT) examinations were performed in 42 stented lesions from 26 patients. In-stent neointimal tissue was categorized as either homogeneous or heterogeneous neointima based on the OCT appearance at 1st follow-up. Serial changes in neointimal area (NIA) were compared between lesions with homogeneous neointima and those with heterogeneous neointima. Results: At first follow-up, homogeneous neointima was observed in 22 (52%) and heterogeneous neointima in 20 (48%) lesions, respectively. During follow-up, NIA in lesions with homogeneous neointima decreased significantly (1.8 AE 0.93 mm 2 to 1.5 AE 0.88 mm 2 , p < 0.001). On the other hand, NIA in lesions with heterogeneous neointima did not change significantly (2.7 AE 1.8 mm 2 to 2.8 AE 1.6 mm 2 , p = 0.658). Homogeneous neointima was the only predictor of late neointimal regression (late neointimal regression defined as NIA at first follow-up -NIA at second follow-up <0) by multivariable analysis (odds ratio = 7.591, 95% confidence interval: 1.616-35.67, p = 0.010). Conclusions: OCT characteristics of neointima after DES implantation may be related to late neointimal progression or regression.
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551 days after DES implantation) were included in this study (42 stented lesions from 26 patients). Patients with in-stent restenosis who required revascularization at first follow-up were excluded. Implantation of stent was performed using current conventional techniques. All patients received dual antiplatelet therapy for at least 1 year after stent implantation. The study protocol was approved by the ethics committee of Kawasaki Medical School, and written informed consent was obtained from each patient. This study was in compliance with the Declaration of Helsinki with regard to investigations in humans.
OCT examination
OCT image acquisition was performed using a commercially available frequency-domain or time-domain OCT system with a motorized pull-back device (C7-XR or M2/M3 OCT Intravascular Imaging System; St. Jude Medical Inc., St. Paul, MN, USA). Qualitative and quantitative OCT assessments of neointima were performed at minimal lumen area (MLA) site at first follow-up. Neointimal area (NIA) was calculated as stent minus lumen area. In addition, maximum thickness of neointima was measured at MLA site. Neointima tissue characteristics were categorized as homogeneous or heterogeneous neointima at first follow-up. Homogeneous neointima was defined as uniform optical properties without focal variation in the backscattering pattern. Heterogeneous neointima was defined as either focally changing optical properties and various backscattering patterns or concentric layers with different optical properties: an adluminal high scattering layer and an abluminal low scattering layer ( Fig. 1 ) [3] . Lumen contour was automatically detected using OCT system software and manually edited if needed. MLA was defined as the minimal lumen area in the segment within the stent. Serial changes in NIA during follow-up period were compared between lesions with homogeneous neointima and those with heterogeneous neointima. In addition, to further determine predictors of late neointimal regression (defined as NIA at first follow-up -NIA at second followup <0), lesions with late neointimal regression were compared with those without late neointimal regression. All OCT images were independently analyzed by two investigators who were unaware of the patient's clinical information. Differences between the observers' analyses were resolved by consensus.
Statistical analysis
Data are presented as mean AE SD for continuous variables and as frequency (%) for categorical variables. In general, Student's t-test was used to compare continuous variables, and the x 2 test or Fisher exact test was used to compare categorical variables. The predictors of late neointimal regression were investigated with stepwise regression analysis. The Kruskal-Wallis test was used to compare baseline patient characteristics among the three groups of patients: with late neointimal regression, without late neointimal regression, and both with and without late neointimal regression. Statistical analysis was performed with the SPSS (version 22.0 for Windows, SPSS Inc, Chicago, IL, USA), and p < 0.05 was considered to be statistically significant.
Results

Clinical characteristics
Baseline clinical characteristics are shown in Table 1 . Serial OCT imaging was performed in 42 stented lesions [sirolimus-eluting stents (n = 8), paclitaxel-eluting stents (n = 16), zotarolimuseluting stents (n = 4), everolimus-eluting stents (n = 11), and biolimus-eluting stents (n = 3)].
OCT comparison between lesions with homogeneous neointima and heterogeneous neointima
Quantitative assessments by OCT are shown in Fig. 2a . There were no differences in quantitative parameters, such as stent area, lumen area, and NIA between first and second follow-up. Serial changes of neointimal characteristics from first follow-up to second follow-up are shown in Fig. 2b . At first follow-up, homogeneous neointima was observed in 22 (52%) and heterogeneous neointima in 20 (48%) lesions, respectively. During followup, 4 lesions with heterogeneous neointima changed to homogeneous neointima. In contrast, no lesions with homogeneous neointima changed to heterogeneous neointima. During followup, NIA in lesions with homogeneous neointima decreased significantly (1.8 AE 0.94 mm 2 to 1.5 AE 0.88 mm 2 , p < 0.001). On the other hand, NIA in lesions with heterogeneous neointima did not change significantly (2.7 AE 1.8 mm 2 to 2.8 AE 1.6 mm 2 , p = 0.658) (Fig. 3a) . Delta NIA from first follow-up to second follow-up was significantly different between lesions with homogeneous neointima and heterogeneous neointima (Fig. 3a) . Delta NIA in individual lesions are shown in Fig. 3b .
Comparison between lesion with and without late neointimal regression
Late neointimal regression was observed in 24 of 42 (57%) lesions. Baseline patient characteristics among the three groups of patients, with late neointimal regression, without late neointimal regression, and both with and without late neointimal regression, are shown in Table 2a . Lesion characteristics between lesion with late neointimal regression and without late neointimal regression are shown in Table 2b . Lesion vessel and stent type, and stent length and diameter were not significantly different (p = 0.77, p = 0.15, p = 0.33, and p = 0.27, respectively). Maximum thickness of neointima at MLA site was less than 2 mm in all lesions (0.51 AE 0.29 mm). OCT results comparing the two groups are shown in Table 3 . Homogeneous neointima was observed in 17 of 24 (71%) in lesion with late neointimal regression and 5 of 18 (28%) in those without late neointimal regression. By univariable and multivariable analysis, homogeneous neointima at first follow-up was the only predictor of late neointimal regression (Table 4) . Representative lesions with homogeneous neointima and heterogeneous neointima are shown in Fig. 4 . 
Discussion
The main findings of this study are the following: (1) from first follow-up to second follow-up, NIA in lesions with homogeneous neointima decreased significantly while NIA in lesions with heterogeneous neointima did not change significantly; (2) late neointimal regression was observed in 24 of 42 (57%) lesions and homogeneous neointima was the only predictor of late neointimal regression by multivariable analysis.
Pathological studies have demonstrated that neointima within a stent is composed of various tissue components including collagen, proteoglycan, smooth muscle, fibrin, or thrombus [12, 14, 15] . Gonzalo et al. reported that there were various variety of neointimal characteristics after stent implantation [3] . In the present study, homogeneous neointima at first follow-up was the only predictor of late neointimal regression from first follow-up to second follow-up. These data suggested that OCT characteristics of neointima may be related to late neointimal response after DES implantation. If late neointimal regression after DES implantation could be predicted at first follow-up, repeated intervention for mild to intermediate in-stent lesion might be safely deferred.
It has been reported that neointima having smooth muscle cells with a little collagen and elastin showed homogeneous pattern on OCT [6] . On the other hand, neointima having fibrin accumulation along with smooth muscle cells showed heterogeneous pattern on OCT [9] . Neointima healing process was due to fibrin deposition substitution for smooth muscle cells after stent implantation [10] . This healing process, especially after baremetal stent implantation, was completed 28 days after stent implantation, and late neointimal regression between 6 months and 3 years is well recognized after bare metal stent implantation [10, 11] . In contrast, DES delays neointimal healing process after stent implantation [12] . In the present study, 4 lesions with heterogeneous neointima on OCT changed to homogeneous neointima from first follow-up to second follow-up. This might be due to delayed healing after DES implantation. By contrast, presence of homogeneous neointima at first follow-up, as is usually seen after bare-metal stent implantation, may suggest that neointimal healing process is not delayed and thus may be completed at the time of the first follow-up. Considering that homogeneous neointima after bare-metal stent usually regress between 6 months and 3 years, similar change might be expected for DES with homogeneous neointima [7] .
Recently, Kang et al. reported that OCT could detect atherogenic changes within neointima (so-called neoatherosclerosis) and significant relation between the presence of neoatherosclerosis and late DES failure [13] . Pathological study demonstrated that neoatherosclerosis was a frequent finding after DES implantation (median stent duration: 420 days) [14] . Therefore, it is possible that some of the in-stent neointima with homogeneous pattern become lipid laden neointima or neoatherosclerosis over time. Previous OCT studies defined in-stent neoatherosclerosis as signalpoor region with marked signal attenuation [13] . This could be categorized as heterogeneous neointima by our present definition. In our study population, however, not a single DES with homogeneous neointima has been documented to become heterogeneous neointima during follow-up. This may be explained by the small sample size and relatively shorter follow-up period. The underlying mechanisms responsible for the neoatherosclerosis might be multifactorial. Therefore, further large number of serial OCT imaging may be needed to elucidate the incidence and predictors of neoatherosclerosis in DES-treated lesions with homogeneous neointima by OCT.
Limitations
This study has several limitations. First, this study was a retrospective, observational study in a relatively small number of lesions. Second, the number of study lesions was not large enough to perform separate analyses according to the type of implanted stent. Neointimal reaction after stent implantation was different even among different types of drug-eluting stent. This difference might affect the neointimal reaction during follow-up period.
Conclusions
OCT characteristics of neointima after DES implantation may be related to late neointimal progression or regression. Further research in a large number of patients to examine the neointimal characteristics on cardiovascular outcomes is needed.
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